A new technique for measuring Q-values in a coasting beam traversed by RF buckets has been developed based on the RF knock-out principle. At the same time as the bucket traverses the stack a sweeping oscillator excites the beam transversely inside the stack. The resonance created can be detected from a pick-up signal when its radial position coincides with the bucket position. The exciting oscillator is locked to this signal via a phase-locked loop and the Q-value can be measured and stored by a local data acquisition system. At the end of the RF sweep the data is transferred to a computer for further treatment. Automatic control of the working line during phase displacement acceleration is then possible.
Introduction
The ISR accelerates stacks routinely from 26 to 31 GeV/c by phase displacementl. For Circuit description Fig. 1 shows the implementation of the analogue part of the instrument. The input is taken from two opposing electrostatic pick-ups. The sum signal gives the bucket frequency fRF and the difference signal fRF ± f . These signals are amplified, mixed together and filtered to extract fg which is used as the reference frequency for the phase-locked loop. The output of the voltage controlled oscillator is fed to the beam via the transverse feedback amplifier and kicker6. The stack detector, which is triggered when the signal levels are sufficiently high for the proper operation of the system, switches on the excitation and initiates the measurements (Fig. 2) Fig. 3 The local data acquisition system and the density profile monitor Therefore an error of 1.7 mm is introduced at the stack top and an error of 0 to 1.7 mm at the stack bottom.
Another error is introduced by the non-simultaneous measurement of the betatron frequency and the RF bucket frequency. The two measurements are initiated simultaneously but the bucket frequency measurement, which depends on position and momentum, takes between 0.8 and 2.1 ms whilst the betatron frequency measurement, which depends on Q-value, takes 1.6 to 2.5 ms. With the maximum bucket sweep speed, the worst case error is ± 0.1 mm.
The maximum error is about 2 mm or expressed in Q-value 0.0026 on the ELSA working line.
This gives enough precision to determine how close the beam is to the transverse stability limit and to avoid crossing harmful resonances.
The effects on the beam
During a working line measurement with the tracking Q-diagram meter the beam is perturbed by a varying frequency which produces a small coherent oscillation moving across the stack. 
